The cardiac effects of experimentally induced myocarditis, when the parasite is obtained from mouse blood, are well known. However, the consequences of the infection when the parasites are obtained from bug faeces are less well defined. In the present investigation, we have used the "Y" strain of Trypanosoma cruzi, which was maintained in Rhodnius prolixus by repeated passages in mice. The faeces of 30 infected bugs were collected, the number of parasites counted and 4,000 parasites inoculated by the conjunctival route in 60 rats. Twenty-nine other rats received faeces from noninfected bugs (sham-inoculated controls) and 40 were used as normal controls. The heart rate of the three groups of animals was recorded under general anesthesia with ether. The heart rate, at day 0 pre-inoculation, was similar in the three groups of animals (Controls: 379 ± 27 beats/min Mean ± SD; Sham-inoculated: 366 ± 31; Infected: 351 ± 29) (p> 0.05). In the infected animals, the mean heart rate began to increase significantly by day 12 following infection (375 ± 31), reaching the highest values between days 18 (390 ± 33) and 21 (403 ± 33) and returned to baseline by day 30 (359 ± 28) (p< 0.05). The heart rate changes were statistically different from those observed in the sham-inoculated controls and in the control animals. Therefore, these heart rate changes were provoked by the Trypanosoma cruzi-induced infection. Thus, it appears that irrespective of the source of the parasite and route of inoculation Trypanosoma cruzi acute infection provokes a transient sinus tachycardia. Key-words: Trypanosoma cruzi. Conjunctival infection. Experimental Chagas' infection. Heart rate. Autonomic dysfunction.
The heart is normally under control of the sympathetic and parasympathetic divisions of the autonomic nervous system 19 22 . The predominance of the former is considered to have adverse effects, whereas the latter would be protective 16 24 . Moreover, in humans with advanced heart disease 17 , the baseline heart rate is directly related to the activity of the sympathetic nervous system on the sinus node, and the parasympathetic influence is markedly attenuated.
The mechanism(s) by which Trypanosoma cruzi provokes myocardial damage is still the subject of intense research and controversy 2 11 12 13 14 23 27 . In the early 1950's, Fritz Köberle 20 postulated that, Trypanosoma cruzi-induced myocarditis selectively and irreversibly destroyed the cardiac parasympathetic neurons during the acute phase of the disease. Under this particular condition, the myocardium of patients with Chagasic heart disease is chronically exposed to a sympathetic predominance, which would be responsible for the relentless progression of myocardial damage.
In laboratory animals, selective cardiac p a r a s y m p a t h e t i c d e n e r v a t i o n i n d u c e s a persistent increment in the baseline heart rate (i.e., sinus tachycardia) 19 22 25 . However, in rats with Trypanosoma cruzi-induced myocarditis, the sinus tachycardia is transient 18 and limited to the acute stage of the inflammatory process 29 . In these experimental observations, a suspension of mouse-blood trypanosomes was inoculated intraperitoneally. Bug metacyclic trypanosomes from bug faeces, innoculated by conjunctival instillation, are more infective than flagellates from mouse blood 9 33 . Since myocardial and neuronal damage appear to be directly related to the intensity of the inflammatory process 21 28 , we have now studied the effects, of bug metacyclic trypanosomes and of a route closer to how natural infection occurs, on the heart rate of infected rats in comparison to sham-inoculated and normal animals.
MATERIAL AND METHODS
One hundred and twenty female rats aged approximately 4 months were used. They were separated into 3 groups. Sixty rats were inoculated by the conjunctival route with 4,000 parasites ("Y" strain). Twenty animals were used as sham-inoculated controls and 40 as normal controls.
The parasites were obtained as follows: the "Y" strain of Trypanosoma cruzi was maintained in Rhodnius prolixus and by repeated passages i n m i c e . T h e fa e c e s o f 3 0 i n fe c t e d bu g s were collected and the number of parasites counted according to Brenner 7 . Sixty rats were anesthetized with intraperitoneal urethane (Sigma) (1.25g/kg. Each animal was inoculated in the conjunctival sac with 5ml of a solution containing faeces from infected bugs 9 33 . Twenty animals, similarly anesthetized, also received 5ml of a solution containing faeces from non-infected bugs. Forty additional animals were used as normal controls.
The heart rate was recorded, under ether anesthesia, before inoculation and every third day until day 42 post-inoculation. A Grass polygraph was used. The electrocardiographic signal from standard limb leads was digitized, stored in a Radioshack computer and played back for analysis (Interphase built in our laboratory) 18 . In the inoculated animals, infection was demonstrated by xenodiagnosis after day 6 postinoculation and at 3-day intervals until day 30 post-infection. Three infected animals and 3 sham-inoculated animals were randomly selected for histological studies at days 10, 15 and 19 post-infection. A total of nine hear ts from infected animals were studied to demonstrate the presence of Trypanosoma cruzi. Histological studies were intentionally carried out, during this critical time window, because Trypanosoma cruziinduced myocarditis is maximal at this time 3 4 5 6 29 . This experimental research was approved by the Scientific Commission of the Centro de Investigaciones Cardiovasculares of the U n i ve r s i t y o f L o s A n d e s. A n i m a l s w e r e t r e a t e d i n c o m p l i a n c e w i t h e s t a b l i s h e d international standards (Guide for the care and use of laboratory animals).
Statistical analysis. The baseline heart rate and the heart rate changes observed, in the three groups of animals, were analyzed by comparing intragroup and intergroup variations of the recorded heart rate at day 0 pre-inoculation and at three day intervals until day 42. The Friedman paired-test for series of paired interdependent variables was used to determine the presence of statistically significant intragroup differences at p < 0.05. One-way analysis of variance with Bonferroni's correction was used to determine intergroup differences at p < 0.05. The data are reported as mean ± SD. RESULTS day 30 (359 ± 28). The heart rate changes recorded between days 12 and 27 (375 ± 35) post-infection were significantly higher than those observed during the first eleven days postinfection and than those registered after day 27 (p < 0.05). The sham-inoculated animals and the normal controls had no statistically significant changes in their heart rates during the observation period (Figure 1 ).
The baseline heart rate of the three groups of animals was similar at day 0 pre-inoculation (Control: 379 ± 27 beats/min, mean ± DS; Shaminoculated: 366 ± 31; Infected: 351 ± 29). In the animals inoculated with faeces from infected bugs, the heart rate began to increase by day 12 Figure 1 -Heart rate changes induced by T. cruzi obtained from bug faeces. At baseline (0), the heart rate of the three groups of animals was similar. In the infected animals, heart rate began to increase by day 12 following inoculation, reaching a peak between days 18 and 21 and returned to baseline by day 30. These heart rate changes are statistically different from those observed in the sham-inoculated and normal animals. Values represent mean±sd.
Xenodiagnosis and histologic findings. Xenodiagnosis was performed in 18 of the 60 animals inoculated with parasites from faeces of infected bugs. It was positive in all of them (100%). Histological examination of the nine hearts of the infected animals revealed the presence of variable degrees of diffuse myocarditis and numerous pseudocysts of amastigotes. It should be pointed out that, in the present investigation, these morphological studies were exclusively aimed to demonstrating the presence of the parasite in the myocardium of the infected animals. The hearts of the sham-inoculated animals presented no cardiac abnormalities.
DISCUSSION
The results of the present investigation have shown that in those animals, in which Trypanosoma cruzi infection was unequivocally demonstrated by xenodiagnosis and cardiac histopathology, the heart rate progressively increases, reaching a peak by day 21 after inoculation and returns to baseline by day 30 post-infection. Since the heart rate was recorded in all three groups of animals under similar experimental conditions, it is unlikely that the anesthesia with ether could be playing a significant role in the genesis of this transient sinus tachycardia. Moreover, the heart rate of the sham-inoculated animals and that of the normal controls did not vary significantly. Therefore, the above described heart rate changes of the infected animals cannot be attributed to the non-infected bug faeces or to any other extraneous material. Indeed, as has been demonstrated by several autopsy studies, the observed transient heart rate changes are time related to the presence of Trypanosoma cruziinduced acute myocarditis 3 4 5 6 . Furthermore, the heart rate changes of the animals inoculated with bug-infected feaces are qualitatively and timely similar to those described, when laboratory animals are infected with Trypanosoma cruzi obtained from mouse blood 18 . It must be concluded, therefore, that irrespective of the source of the parasite and of the route of inoculation, Trypanosoma cruzi-induced infection is followed by a transient sinus tachycardia.
What is the mechanism responsible for these transient heart rate changes? The transient nature of the observed heart rate changes suggest indirectly that they could be secondary to the acute inflammatory process of the myocardium 29 and, or to an enhanced cardiac sympathetic activity 16 18 22 . A previous study by our laboratory showed that, when adrenergic beta-blockers 15 are given to rats with Trypanosoma cruzi-induced infection at the peak of the sinus tachycardia (days 18 to 21 after inoculation), the negative chronotropic changes are linearly and significantly related to the baseline heart rate. Furthermore, the absolute decrement in beats/min, provoked by adrenergic beta-blocker, was four times that of the non-infected controls. Moreover, when a similar protocol was applied to infected animals, which were in day 60 after infection, the heart rate response to the beta-blocker was now similar to that of non-infected controls 15 . Consequently, a possible explanation for the transient sinus tachycardia is an enhanced cardiac sympathetic activity, which would be more prominent during days 18 to 21 post-inoculation. An alternative explanation would be a partial and reversible damage to the cardiac parasympathetic neurons 16 18 . However, the heart rate responses to electrical stimulation of the distal portion of the vagus 12 and to the administration of intravenous serotonin 31 , of rats with acute Trypanosoma cruzi infection (days 18 to 21 after inoculation), are not significantly different from controls. Furthermore, autopsy studies of humans 1 26 that died from acute Trypanosoma cruzi infection and of laboratory animals experimentally infected with the parasite 8 10 30 32 have found no statistically significant reduction in the number of cardiac parasympathetic neurons.
Finally, It should be emphasized that very recent histochemical 21 and morphological 28 investigations of the cardiac cholinergic and adrenergic innervation of the hearts of infected animals, have demonstrated the presence of damage to these nervous fibers by day 34 postinoculation. In these studies, cardiac nervous damage was related to the intensity of the myocardial inflammatory process. In summary, Trypanosoma cruzi infection provokes a transient sinus tachycardia, irrespective of the source of the parasite and inoculation route. The most likely mechanisms responsible for these heart rate changes are: the acute myocardial inflammatory process and an enhanced cardiac sympathetic activity. The effects of the parasite on the cardiac parasympathetic neurons are still a matter of intense controversy and research.
